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This study was carried out in a temperate forest for enumeration of ﬂoristic diversity and community
characteristics analysis of the Talle Wildlife Sanctuary. A random sampling approach was adopted.
Altogether, 63 species were recorded from the sampled area (0.2 ha). Family dominance results showed
that Lauraceae was the most dominant followed by Fagaceae. Seventy percent of species showed low
frequency distribution and species having higher frequency classes were almost absent or represented by
only a few species. Dominance distribution of species resulted in a log normal distribution pattern which
further signiﬁes that the forest community was heterogeneous in nature. Species Prediction and Di-
versity Estimation analysis categorized 80% of the species as a rare species group and 20% as abundant
species group. Estimation of coefﬁcient of variation showed that rare species have equal detection
possibilities in the sampled area. Distribution of basal cover in different girth classes indicates a reverse
trend to that of stand density. The results of this study show that the forest community composition is
highly clustered and loosely colonized in nature.
Copyright  2016, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Tropical forests, being a diverse plant community, have invited
the attention of researchers over several decades in order to un-
derstand their complex structure, function, and ecology (Hubbell
and Foster 1992; Givnish 1999; Tripathi and Tripathi 2010). How-
ever, such data on this level are not available on temperate forests
to understand the forest ecology including plant diversity and
community organization. Biotic factors such as density dependent
effects on seed and seedling survivorship and recruitment are
known to be important in maintaining tree diversity in tropical
moist forests (Janzen 1970; Connell 1971) while such studies are
lacking in temperate areas. Like other forests, temperate forests
also experience varying levels of human activities like human
population exploitation, fragmentation, fuelwood, agricultural
expansion, nontimber forest products, grazing of livestock, and
climate change. In fact, it is said that the temperate forests are
generally subjected to more severe human impact than any other
forest type (Reich and Bolstad 2001). How these rapidly changing.
useum of Korea (NSMK) and
National Science Museum of Korea
license (http://creativecommons.factors impact species composition, structure, and function of tree
communities is not well known and remains a critical gap in
developing conservation plans. The climate of temperate forests is
characterized bymarked seasonality, and alternates betweenwarm
summers and markedly cool or cold winters (Reich and Bolstad
2001). Zobel et al (2011) reported that the development of the
species pool of each community represents a long-term process, led
by evolutionary and dispersal events. The tendency of species
richness to increase with the area has proven remarkably consis-
tent for a range of organismal groupings and in numerous
geographical settings (Gould 1979; Wilcox 1980; Schoener 1988).
Communities would contain only species that belong to their spe-
cies pool, making their characteristic diversity equal to the
observed total diversity (Helm et al 2015). It is of utmost impor-
tance to consider the habitat-speciﬁc species pool when studying
the diversity or planning conservation of natural communities
(Cam et al 2000; Partel 2014). Tree species diversity is an important
aspect of forest ecosystem diversity (Rennolls and Laumonier 2000)
and quantitative ﬂoristic sampling provides the necessary context
for planning and interpreting long-term ecological research
(Phillips et al 2003). Diversity of a community can be assessed using
several nonparametric measures such as diversity indices and these
measures have gradually gained credibility (Magurran 1988).
Biodiversity maintenance is one of the major goals to attain forest(NSMK) and Korea National Arboretum (KNA). Production and hosting by Elsevier.
org/licenses/by-nc-nd/4.0/).
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forests and their impact on various ecological gradients, the iden-
tity, and composition of tree species can be expected to inﬂuence
plant biodiversity (Barbier et al 2008). Although communities have
depended on forest ecosystems for long, changing socioeconomic
conditions, traditional approaches for the conservation of biodi-
versity have drawn little attention to the long-term sustainability of
this human dependence on forest ecosystems. Keeping paucity on
quantitative data on plant diversity, composition, community
characteristics, and population structure is the reason the present
study is undertaken to ﬁll the gaps on data on temperate forests in
particular and other forests in general.0–20 21–40 41–60 61–80 81–100
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Figure 1. Frequency-distribution pattern of plant species in Talle Wildlife Sanctuary,
Arunachal Himalaya.Materials and methods
Study sites
The study was carried out in Talle Wildlife Sanctuary (TWS)
which is distributed on an altitudinal zone of 1,700 m to 2,200 m
above sea level in Ziro valley of Arunachal Himalaya, Northeast
India. TWS is about 30 km from the Ziro valley, the headquarters of
Lower Subansiri district of state. It covers an area of 337 km2 and
lies between 27

34’ 4“N and 27

35’ 14”N latitude and between 93

58’ 58“E and 93

59’ 49”E longitude. Having a varied altitudinal
range, the climate in TWS is temperatewith copious rainfall making
it more of mesophytic type. During the winter the minimum
temperature goes down beyond freezing point whereas the
maximum temperature during the summer may be as high as 32

C.
The high precipitation, fertile soil conditions, and lack of distur-
bance have given a scope to the growth of luxuriant vegetation. The
forest of TWS was almost considered to be untouched, well
managed, and protected by the Apatani tribe and complex in
structure and function. A stratiﬁed sampling design was used to
inventory the tree species of TWS.
Two permanent plots of 100 m 100 mwere demarcated in the
TWS keeping physiographic conditions in account and each plot
was subdivided into 20 m  20 m quadrats for further study.
Alternate quadrats were sampled in both the plots for plant
enumeration assuming vegetation would be more or less similar in
successive quadrats. Altogether, 30 such quadrats were sampled
from the selected plots i.e. 15 quadrat/plot. Field surveys were
carried out on a seasonal basis for the period of 2 years (from April
2013 to March 2015). All species were described in the ﬁeld as well
as the laboratory and given a ﬁeld identiﬁcation number that was
used throughout the ﬁeld study. Collected specimens of each spe-
cies were identiﬁedwith the help of ﬂoras and published literatures
and conﬁrmed with the Botanical Survey of India. Specimens of
collected species were retained in the Plant Diversity Laboratory of
the Forestry Department, North Eastern Regional Institute of Science
and Technology. In addition, indicators of disturbance such as cut-
ting, lopping, cattle grazing, nearness to human habitation, and
collection of nonwoody forest products were also noted during the
ﬁeld study. Community characteristics such as frequency, density,
abundance, species richness, dominance distribution, dispersion
pattern, species diversity, and dominance index were calculated as
per Magurran (1988). Importance value index for each species was
also computed and it was expressed as the sum of relative density,
relative dominance, and relative frequency of species in and among
plots (Curtis 1959). Population structure of tree species (> 15 cm
girth at breast height) was characterized as the size distribution
using girth at breast height classes. All individual trees were
grouped into eight girth classes i.e. 15e50 cm, 50e70 cm, 75e
100 cm, 100e125 cm, 125e150 cm, 150e175 cm, 175e200 cm, and
> 200 cm.We have also estimated various biodiversity indices using Spe-
cies Prediction And Diversity Estimation (SPADE) software such as
species richness, Fisher’s a index, Shannon’s entropy, and Simp-
son’s index as well as their effective numbers of species based on
sample abundance or frequency data based on the species fre-
quency data collected from the community to add as an adequacy
for the result we have sampled (Chao and Shen 2010).Results
Species richness and family dominance
Our approachwas to study the tree species diversity of TWS. It is
important to note that we were not sampling the total species di-
versity because of the large coverage of the sanctuary area. The
study was based on the sampled area of 1.2 ha from permanent
plots of 2 ha. We sampled 477 individuals/ha represented by 63
species (including 8 unidentiﬁed) from 28 families and 42 genera
(Appendix 1) from the selected study area using species accumu-
lation curves to understand that the sampled area was balanced.
The species with maximum abundance includesMichelia champaca
(21 individuals), Castanopsis indica (19 individuals), Phoebe lan-
ceolata (18 individuals), Quercus lamellose, Quercus dealbata, and
Rhododendron arboreum (14 individuals each). Of the 63 sampled
species, large numbers of species were represented by only a few
individuals. Lauraceae was among the most dominant families (8
species with 79 individuals) followed by Fagaceae (7 species with
77 individuals), Magnoliaceae (6 species with 56 individuals), Eri-
caceae (5 species with 43 individuals), and Rutaceae (4 species with
17 individuals). Twelve families were represented by only a single
species and others by either two or three species.
SPADE analysis revealed that the species richness represented
by all estimators/models was found to be same i.e. 63 except in the
case of second order Jackknife which is 58. This process of statistical
inference depends critically on the biological assumption that the
community is “closed,”with an unchanging total number of species
and a steady species abundance distribution (Gotelli and Colwell
2010). In an open metacommunity, in which the assemblage
changes size and composition throughout time, it may not be
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a snapshot sample at one point in time (Magurran 2007).
Frequency and dominance distribution
Raunkiaer’s frequency analyses revealed that most of the tree
species were rare. The frequency distribution of species in the
forest community resulted in about 70% of species showing low
frequency distribution and species having higher frequency classes
were almost absent or represented by only a few species in the
forest community (Figure 1). M. champaca, C. indica, and
P. lanceolata were among the most frequent species while Taxus
wallichiana, Pinus wallichiana, Mahonia nepalensis, and Cupressus
torulosa were among the least frequent tree species of the forest.
This distribution pattern revealed that the forest community is
highly heterogeneous in their composition which does not allow
the dominance of a species. The dominance distribution of species
resulted in a log-normal distribution patternwhich further signiﬁes
that the forest community is heterogeneous in nature (Figure 2). A
few dominant species contributed to 20% of the total dominance,
while species of intermediate dominance contributed towards the
maximum dominance in the forest community.
SPADE analysis on frequency counts up to cut-off point 10 was
conducted and data revealed that 80% of the species are categorized
in the rare species group whereas only 20% of the total species are
placed in the abundant species group. Estimation of coefﬁcient of
variation for rare species was found to be 0.15whichmeans that the
degree of heterogeneity for rare species detection possibilities
trends towards homogeneity, thus resulting in almost all rare
species having equal detection possibilities in the sampled area.
Density, population structure, and dispersion pattern
Altogether 477 individuals/hawere recorded from the forest area
and together they have contributed to 43.06 m2/ha basal cover.
Basedon thedensity distribution of species,M. champaca, C. indica, P.
lanceolata, Q. lamellose, Q. dealbata, and R. arboreumwere among the
most dominant species. There was a marked reduction in the den-
sity of species like P. wallichiana, C. torulosa, T. wallichiana, M. nep-
alensis, and T. baccata. Q. dealbata, M. champaca, Q. lamellose, C.
indica, Quercus semiserrata, Chukrasia tabularis, and Citrus hystrix0 5 10 15 20 25 30 35 40 45 50 55 60 65
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Figure 2. Dominance distribution pattern of the tree species in Talle Wildlife Sanc-
tuary, Arunachal Himalaya.had the larger girth in the forest stand and contribute to about 30%of
the total basal cover of the forest. The densityegirth distribution
pattern showed a gradual decrease in density, with an increase in
girth resulting in an almost pyramidal shape (Figure 2). Young in-
dividuals [<35 cm diameter at breast height (dbh)] contributed 73%
followed by older (35e65 cmdbh) individuals 19% andmature trees
(>65 cm dbh) 8% of the total stand densities of the forest (Figure 3).
Distribution of basal cover in different girth classes indicates a
reverse trend to that of stand density. In spite of the low stand
density of matured trees (36 individuals/ha) its contribution to-
wards the basal cover was maximum (48% of total basal cover).
SPADE analysis of the comparison of various estimates of di-
versity indices ranges from 3.99 0.02 (maximum-likelihood esti-
mation) to 4.06 0.03 (jackknife) while computed Shannon’s
diversity index of tree species was 3.89 and in contrast, Simpson
dominance index showed a reverse trend (0.03) to that of the di-
versity index. Fisher’s a index of the forest was 19.45 2.45.
Whitford’s index of dispersion pattern revealed that the majority
(79.37%) of tree species showed clumped/clustered spatial distri-
bution pattern. A few (10) species like Craibiodendron spp., Sym-
plocus theifolia, and Exbuclandia populnea showed random
dispersion and the remaining three (5% of total richness) species
namely C. indica, P. lanceolata, andM. champaca resulted in a regular
pattern of distribution in the forest. These results show that the
forest community composition is highly clustered and loosely
colonized in nature.Discussion
The present study recorded 63 trees from a 1.2-ha sampled area
of TWS and can be compared with the ﬁndings of Mishra et al
(2003) and others; however, species richness was more than the
reports of Gregory et al (2010), Bharali et al (2011), Sharma et al
(2014), and others (Table 1). High species richness of trees in the
forest was probably related to site climatic conditions and its
transitional nature; this vegetation type is an ecotone area suitable
for both subtropical and temperate tree species. Greater tree spe-
cies richness particularly in the tree component could also be the
result of the succession process that tends to increase species15–50 50–75 75–100 100–125 125–150 150–175 175–200 >200
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Figure 3. Girth class wise density and basal cover distribution of trees in Talle Wildlife
Sanctuary.
Table 1. Vegetation parameters of forest communities in the tropics of India and other countries.
Forest types Plot
size (ha)
Girth (cm) Species
richness
Density (no./ha) Shannon’s
index
Dominant species Basal
area (m2/ha)
References
Present study 1 .20 15 63 477 3.99e4.06 Michelia champaca, Castanopsis indica 43.02 Present study
Tropical montane
rain forests, China
0.16 15 e 123 3.73 Shorea chinensis, Terminalia myriocarpa d Cao and Zhang, 1997
Montane temperate
forests, Kerala
1.5 30 84e94 510e1180 1.03e2.3 Cinnamomum weightii, Litsea sp. 57e162 Swarupanandan et al., 2001
Temperate forest,
California, USA
6.00 3 31 1363 d Pseudotsuga menziesii, Quercus agrifolia 47.34 Gregory et al., 2010
Temperate forest,
Arunchal Pradesh,
India
0.40 10 30 963 2.59 Rhododendron kendrickii, Abies densa 74.6 Bharali et al 2011
Tropical/temperate
forests, Garhwal
0.04 30 21 710e1140 1.33 Pinus roxburghii, Quercus leucotrichphora 1346.59e19427.64 Khali and Bhatt 2014
Temperate forest,
Sangla Valley, India
0.10 e 29 205e600 1.28 Cedrus deodara, Picea smithiana 8.70e42.41 Sharma et al 2014
Temperate forest,
Japan
4.00 15 45 4570 d Distylium racemosum, Cleyera japonica 63.9 Manabe et al 2000
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aceae, Fagaceae, Magnoliaceae, and Ericaceae families in the pre-
sent study and could be comparedwith the ﬁnding of Bailey (1996).
The use of a specieseindividuals curve provides a clear insight into
species diversity. The relative abundance of species is one of the
most fundamental aspects of community structure (Sugihara 1980).
The study shows that a few species are very rarewhile most species
are abundant. Species abundance patterns show the distribution of
commonness and rarity (Preston 1962). The low dominance of
species in the community also affects species diversity. Further,
greater species diversity indices indicate more species richness and
dominance of one or two species in the tree community. Diversity
and dominance indices could be comparedwithmost of the species
rich forest community while detailed comparisons with other
studies are inadvisable because of large differences in sample size,
standard girth parameters, and environmental conditions.
Density and frequency distributions of trees contribute to the
structure of forests. Most of the species had low frequency sug-
gesting that most of them would be expected in typical species-
abundance distribution. A plant species should be considered ho-
mogeneously distributed when the numbers of individuals are the
same in all parts of a community while species were heteroge-
neously distributed in the present study. Girth class density distri-
bution of species showed that most trees were present in smaller
girth classes and only a few in higher classes resulting almost
reverse J-shaped patterns. Tree density in the present study was
much lower than that of other forest types and the data can be
compared with the estimates from tropical and temperate forests
within India and other forests (Table 1). Low stand density of
the forest could be attributed due to the age of trees and site con-
ditions leading to unfavorable conditions for growth of seedlingsPlant species Family Density (stem/
Prunus nepalensis Rosaceae 5
Rhododendron subansirians Ericaceae 7
Lindera melastomaceae Lauraceae 9
Cryptomeria Japonica Cupressaceae 5
Cupressus torulosa Cupressaceae 2
Taxus wallichiana Taxaceae 2
Exbuclandia populnea Hamamelidaceae 12
Acer pectidium Aceraceae 10
Cinnamomum glaucescens Lauraceae 10
Schima wallichii THeaceae 9
Alnus nepalenis Betulaceae 3
Myrica esculenta Myricaceae 5
Castanopsis indica Fagaceae 19and saplings. The perpetuation of a species depends on the presence
of adequate number of individuals of different growth phases or
developmental phases of that species. These conclusions are sub-
jective to a certain extent, since the relative number of adults and
juveniles does not seem to be a consistent trait across species.While
somespecies could succeedwith a relatively small stockof juveniles,
others depend on a large stock of juveniles to compensate for
mortality (Shankar 2001). The presence of seed bearing parent trees
is another important factor for obtaining higher seedling density in
the forest. Chilling/freezing temperature in most part of the year
might also enhance the seeddormancywhich requires interferences
of resource managers for improving the density of young plants.
Basal cover data of the present study can be compared with the
ﬁndings of other researchers as presented in Table 1.Acknowledgments
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fellowship during the course of study.Appendix 1. Overall stand density (individuals/ha), frequency
(%), and importance value index of dominant species of
temperate forest, Talle Wildlife Sanctuary, Arunachal Pradesh.ha) Frequency (%) IVI Dispersion pattern
10.00 3.03 C
10.00 2.78 C
10.00 3.46 C
6.67 1.96 C
3.33 1.10 C
6.67 1.43 C
36.67 7.36 RA
16.67 5.17 C
23.33 5.14 C
13.33 5.32 C
6.67 1.81 C
10.00 2.90 C
60.00 14.54 RE
(continued on next page)
(continued )
Plant species Family Density (stem/ha) Frequency (%) IVI Dispersion pattern
Quercus semiserrata Fagaceae 12 26.67 8.71 C
Debregeasia longifolia Urticaceae 11 23.33 6.36 C
Rhododendron sp 1 Ericaceae 7 10.00 3.12 C
Chukrasia tabularis Meliaceae 9 20.00 7.17 C
Magnolia globosa Magnoliaceae 3 6.67 3.51 C
TWS T-3 7 6.67 2.67 C
TWS T-7 (Sampe) 5 10.00 2.68 C
Garcinia sp Clusiaceae 10 30.00 5.77 RA
Magnolia sp1 Magnoliaceae 7 13.33 5.38 C
Craibiodendron sp Ericaceae 12 33.33 6.25 RA
Phoebe lanceolata Lauraceae 18 53.33 11.12 RE
Symplocos theifolia Symplocaeae 13 30.00 6.33 RA
Michelia doltsopa Magnoliaceae 9 23.33 6.00 C
Litsea salicifolia Lauraceae 10 26.67 5.36 RA
Magnolia hodgsonii Magnoliaceae 7 10.00 3.92 C
Rhododendron grande Ericaceae 4 6.67 2.03 C
Saurauia nepalensis Actinidiaceae 9 13.33 5.26 C
Castanopsis hystrix Fagaceae 9 13.33 6.14 C
Quercus lamellosa Fagaceae 14 40.00 12.39 RA
Quercus dealbata Fagaceae 14 33.33 19.32 RA
Cryptocarya sp Lauraceae 10 23.33 5.01 C
Persea sp1 Lauraceae 9 20.00 4.31 C
TWS T-6 4 6.67 2.09 C
Phoebe paniculat/gaolparensis Lauraceae 3 3.33 3.80 C
TWS T-2 (tagin) 2 3.33 0.83 C
TWS T-4 (moreh miiji) 5 6.67 2.21 C
Persea sp 2 Lauraceae 10 26.67 5.39 RA
Michelia champaca Magnoliaceae 21 66.67 21.17 RE
TWS T-5 (tai) 7 10.00 2.85 C
TWS T-8 (sanchi) Myrtaceae 7 10.00 3.62 C
Citrus hystrix Rutaceae 4 6.67 1.73 C
TWS T-1 (moreh sapi) 12 30.00 6.30 RA
Eurya accuminata Theaceae 8 20.00 4.08 C
Zanthoxylum acanthopodium Rutaceae 5 10.00 2.39 C
Michelia/magnolia oblonga Magnoliaceae 9 23.33 6.79 C
Prunus cerasoides Rosaceae 4 6.67 2.10 C
Sapium buccatum Euphorbiaceae 5 10.00 2.68 C
Zanthoxylum armatum Rutaceae 4 6.67 1.91 C
Pinus roxburgii Pinaceae 8 26.67 6.48 RA
Pinus wallichiana Pinaceae 3 3.33 1.96 C
Castanopsis tribuloides Fagaceae 4 6.67 3.62 C
Maesa indica/agustifolia Myricaceae 5 13.33 2.91 C
Castanopsis purpurella Fagaceae 5 6.67 3.78 C
Citrus limon Rutaceae 4 6.67 1.67 C
Mahonia nepalensis Berberidaceae 2 3.33 1.10 C
Rhododenron arboreum Ericaceae 13 16.67 5.20 C
Tsuga dumosa Pinaceae 5 6.67 3.01 C
Toona celiata Meliaceae 4 6.67 2.49 C
Taxus buccata Taxaceae 2 3.33 0.76 C
Toona sp Meliaceae 5 6.67 2.93 C
477 300
C¼ clumped; IVI¼ importance value index; RA¼ random; RE¼ regular.
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